We aimed to compare the predictive capacity of malnutrition, sarcopenia, and malnutrition combined with sarcopenia for mortality in nursing home residents. We conducted a prospective study in four nursing homes in China. were not predictors of mortality. In conclusion, the coexistence of malnutrition and sarcopenia is a significant predictor of mortality in a study population of Chinese nursing home residents.
. Malnutrition is prevalent in elderly adults, especially in those living in nursing homes 4 . According to a recent review, approximately 20% of nursing home residents had malnutrition, but the prevalence ranged from 1.5% to 66.5% due to various definitions of malnutrition 4 . However, there is currently no data addressing malnutrition in nursing home residents in mainland China.
The lack of unique diagnostic criteria of malnutrition hinders the extensive research of it 5 . To address this issue, the European Society of Clinical Nutrition and Metabolism (ESPEN) published a new consensus statement on the diagnosis of malnutrition in 2015 5 . Since then, many studies have applied the new ESPEN definition of malnutrition in different clinical settings [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, most of these studies were conducted in hospitals and no study applied the new ESPEN definition of malnutrition in nursing homes.
Sarcopenia is another geriatric syndrome that is highly prevalent in elderly adults, especially in hospitalized and institutionalized elders 15 . Sarcopenia refers to the age-related loss of muscle mass, strength, and performance 16 . The diagnosis of sarcopenia also lacks unique criteria, but it is device-dependent (e.g., computed tomography [CT] , magnetic resonance imaging [MRI] , dual-energy x-ray absorptiometry [DXA]), time-consuming, and sometimes inaccessible according to current international consensuses of sarcopenia [16] [17] [18] [19] . A brief screening tool for sarcopenia is therefore needed, especially for nursing home residents. SARC-F, a classical sarcopenia screening tool, has been widely applied in various populations 20 . However, to our knowledge, SARC-F has not been applied to nursing home residents yet.
Both malnutrition and sarcopenia have been shown to be related to an increased risk of mortality and other adverse health outcomes, such as poor quality of life and functional impairments 4, 21 . However, whether the new ESPEN definition of malnutrition or SARC-F can predict mortality in nursing home residents remains unclear. In addition, we hypothesized that nursing home residents with coexisting malnutrition and sarcopenia were at a higher risk of mortality compared to those with either malnutrition or sarcopenia alone.
Therefore, the aim of this study is (1) to investigate the prevalence of malnutrition, sarcopenia, and the coexistence of malnutrition and sarcopenia in a study population of Chinese elderly adults living in nursing homes according to the new ESPEN definition of malnutrition and SARC-F; and (2) to compare the predictive capacity of malnutrition, sarcopenia, and malnutrition combined with sarcopenia for mortality in this population.
Methods
We conducted a prospective observational study in four nursing homes in Chengdu City, China. The study protocol was approved by the Research Ethics Committee of our university. A written informed consent was obtained from all participants (or their legal proxies for those who were unable to sign their names). All methods in this study were in accordance with relevant regulations and guidelines.
Baseline study population. From September to November 2016, we consecutively recruited elderly adults (≥70 years of age) living in the nursing homes. The exclusion criteria were as follows: (1) living in the nursing homes less than two weeks; (2) unable to communicate with the interviewers; and (3) refusing to participate in this study.
Data collection.
Trained nurses collected the key baseline data through face-to-face interviews and performed the following anthropometric measurements: calf circumference (CC) and waist circumference (WC). The CC was measured using a flexible tape at its widest point when the subjects placed in the supine position, with their left knee raised and the calf placed at a right angle to the thigh. The WC was measured using a flexible tape at the top of the hip bone on the naked skin at the end of light exhalation with the subject standing. Additionally, body mass index (BMI) was collected from the medical records of the nursing homes.
Nutrition status assessment. According to the new ESPEN criteria 5 , the diagnosis of malnutrition includes two steps: First, a validated risk screening tool is suggested to identify individuals at risk of malnutrition. In this study, trained nurses applied the Mini Nutritional Assessment Short-Form (MNA-SF) 22 as the screening tool. A total score of MNA-SF ≤ 11 indicated that an individual was at risk of malnutrition 22 . Second, among the participants who were at risk of malnutrition by the MNA-SF, malnutrition was confirmed according to either of the following criteria: (1) BMI < 18.5 kg/m 2 ; or (2) unintentional weight loss >10% indefinite of time (or >5% over the last 3 months) combined with BMI < 20 kg/m 2 Study groups. First, we divided the study population into two groups according to malnutrition and sarcopenia, respectively. Second, considering malnutrition and sarcopenia together, we divided the study population into four groups: malnutrition with sarcopenia (MN+/SA+), malnutrition without sarcopenia (MN+/SA−), sarcopenia without malnutrition (MN−/SA+), and normal nutrition without sarcopenia MN−/SA−).
Covariates. Trained nurses evaluated the activities of daily living (ADL) of the participants using the Physical Self-Maintenance Scale (PSMS) developed by Lawton and Brody 23 . ADL disability was defined as "need some help from other people" or "cannot do by myself " in any of the six items of PSMS: eating, dressing, grooming, walking, bathing, and toileting 23 . In addition, the following data were obtained from the medical records in the nursing homes: age, gender, smoking status, alcohol drinking status, and comorbidities (hypertension, ischemic heart disease, chronic heart failure, chronic obstructive pulmonary disease, diabetes, stroke, cancer of any type, osteoarthritis, Parkinson's disease, cognitive impairment, and depression).
Follow-up.
The survival status of the participants was collected via the medical records in the nursing homes at the 12 th month after the baseline investigation. For those who left the nursing homes, we collected the survival status via telephone interviews. Next, the time to death was calculated as the period between the baseline investigation and the date of death.
Statistical analysis.
We performed all statistical analyses using SPSS 20.0 (IBM SPSS Statistics, Armonk, NY, USA). A p value of <0.05 was considered statistically significant. The categorical variables in this study were presented as counts and percentages. The normality of the continuous variables was explored by the Kolmogorov-Smirnov test. The continuous variables were not normally distributed; therefore, they were presented as a median and interquartile range (IQR). For categorical variables, the difference between groups was compared using the Pearson chi-squared test. For continuous variables, the difference between groups was compared using the Kruskal-Wallis H test (for the comparisons across multiple groups) or Mann-Whitney U test (for the comparisons between two groups).
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We applied univariate Cox proportional hazard models to explore the possible predictors of 1-year all-cause mortality. The results were presented as hazard ratio (HR) and 95% confidence intervals (CIs). We also applied multivariable Cox proportional hazard models with a backward stepwise selection to explore the independent predictors of mortality. Age, gender, and the variables that exhibited a significant association in univariate analysis were considered to enter the initial model of the backward stepwise selection. In these models, the criteria for entry and removal were p < 0.05 and p > 0.10, respectively. In these models, sarcopenia and malnutrition were treated as variables, separately. Furthermore, we treated sarcopenia combined with malnutrition as one variable in a new model. In addition, survival curves were estimated using the Kaplan-Meier method. The difference between the survival curves was compared using the log-rank test.
Results
Description of the study population. We included 329 participants (105 men and 224 women) in the baseline investigation (Fig. 1) . The median age of the whole study population was 85.0 years (men: 85.0 years; women: 85.0 years, p = 0.186). The baseline characteristics of the study population are shown in Table 1 .
Characteristics of participants according to malnutrition and sarcopenia. According to the new ESPEN definition, 76 participants (23.1%) were malnourished. There was no significant difference between men and women with respect to malnutrition (20.0% versus 24.6%, p = 0.361). The characteristics of participants with or without malnutrition are presented in Supplementary Table 2 . Not surprisingly, men or women with malnutrition had significantly lower medians of BMI, WC, and CC compared to their counterparts without malnutrition. In addition, hypertension was less prevalent in participants with malnutrition compared to those without malnutrition.
According to the SARC-F, 131 participants (39.8%) had sarcopenia. Women were more prone to sarcopenia than men (43.8% versus 31.4%, p = 0.033). The characteristics of participants with or without sarcopenia are presented in Supplementary Table 2. Parkinson's disease and ischemic heart disease were more prevent in participants with sarcopenia than those without sarcopenia. Association between malnutrition and sarcopenia. Compared to those without malnutrition, participants with malnutrition had significantly higher SARC-F scores (median: 3.5 versus 3.0, p = 0.039) and were more prone to sarcopenia (50.0% versus 36.8%, p = 0.039). On the other hand, participants with sarcopenia had significantly lower MNA-SF scores (median: 11.0 versus 13.0, p = 0.025) and were more prone to malnutrition (29.0% versus 19.2%, p = 0.039) compared to those without sarcopenia.
When considering malnutrition and sarcopenia together, 38 participants (11.6%) suffered from MN+/SA+, 38 participants (11.6%) had MN+/SA−, and 93 participants (28.3%) had MN−/SA+.
One-year mortality of the study population. During the 1-year follow-up, seven participants (2.1%) lost follow-up. A total of 73 participants (22.7%) died during the follow-up. The mortality was 23.5% in men and 22.2% in women (p = 0.752).
Malnutrition and 1-year mortality. The 1-year mortality was 32.9% and 19.5% in participants with or without malnutrition, respectively (p = 0.015). Table 2 shows the predictors of 1-year mortality according to the Cox proportional hazard models. The univariate Cox proportional hazard model revealed that malnutrition was a predictor of 1-year mortality (HR: 1.79, 95% CI 1.10-2.90, p = 0.018).
After adjusted for the potential confounders, malnutrition was also independently associated with an increased risk of 1-year mortality (adjusted HR: 1.75, 95% CI 1.06-2.89, p = 0.026) ( Table 2 ). The survival curves of the participants categorized by malnutrition are shown in Fig. 2 . These survival curves were significantly different by the log-rank test (p = 0.012). Table 1 . Baseline characteristics of the study population according to malnutrition and sarcopenia. confounders, sarcopenia was also independently associated with an increased risk of 1-year mortality (adjusted HR: 1.72, 95% CI 1.09-2.79, p = 0.022) ( Table 2 ). The survival curves of the participants categorized by sarcopenia are shown in Fig. 3 . These survival curves were significantly different by the log-rank test (p = 0.020). (Table 2 ).
Sarcopenia
In addition, the survival curves of the participants categorized by sarcopenia are shown in Fig. 4 . These survival curves were significantly different by the log-rank test (p < 0.001). 
Discussion
To the best of our knowledge, this study is the first to apply the new ESPEN definition of malnutrition and SARC-F in nursing home residents. It is also the first study to address malnutrition and sarcopenia in Chinese nursing home residents. Our study indicates that both the new ESPEN definition of malnutrition and SARC-F can be successfully applied to nursing home residents. Both tools can predict 1-year mortality in our study population. More importantly, participants with coexisting malnutrition and sarcopenia (MN+/SA+) were at significantly higher risk of mortality; however, sarcopenia alone (MN−/SA+) or malnutrition alone (MN+/SA−) did not increase the risk of mortality.
The aim of the new ESPEN consensus on malnutrition is to "provide a general diagnosis that is relevant for all subjects in all clinical settings" 5 . Therefore, it is important to validate the new ESPEN criteria of malnutrition in elderly adults (especially in the elders living in nursing homes) because malnutrition occurs primarily in the elderly in developed countries 24 and is highly prevalent in nursing homes 4 . Our study identified 23.1% participants had malnutrition defined by the new ESPEN criteria. A recent review summarized the relevant studies and demonstrated that the prevalence of malnutrition was approximately 20% in nursing homes. This finding was very similar to our results; however, none of these studies applied the new ESPEN criteria 4 . The association between malnutrition and mortality in elderly adults has been well studied in various populations 4 . Recently, two studies also addressed the association between the new ESPEN definition of malnutrition and mortality in hospitalized patients 6, 10 . Our study confirmed that the new ESPEN definition of malnutrition can predict mortality in nursing home residents for the first time. Therefore, our study adds new evidence to the application of the new ESPEN definition of malnutrition.
As a classic sarcopenia screening tool, SARC-F has been validated in various ethnic populations, such as Chinese, Korean, Japanese, and Spanish [25] [26] [27] [28] [29] . However, previous studies addressing SARC-F were conducted in community-dwelling elderly adults [25] [26] [27] [28] [29] . Our study supports the application of SARC-F in nursing home residents. SARC-F-defined sarcopenia can predict 1-year mortality in our study population. A previous study also found Previous studies have shown that malnutrition and sarcopenia are both common in elderly adults 4, 21, 31 . Our study revealed that both syndromes were prevalent in Chinese nursing home residents as well. Furthermore, as previously suggested, malnutrition and sarcopenia were also related geriatric syndromes in our study population. Because malnutrition and sarcopenia shared some risk factors (e.g., anorexia and aging) and clinical features (e.g., loss of body mass) and because they usually occur in individuals simultaneously 7, 32 , Vandewoude and colleagues 32 recently coined a term, malnutrition-sarcopenia syndrome (MSS), to describe the coexistence of malnutrition and sarcopenia. However, we did not apply the term of MSS in this study, because it has not been widely accepted yet.
Our study showed that coexisting malnutrition and sarcopenia can predict mortality in nursing home residents, but malnutrition without sarcopenia or sarcopenia without malnutrition cannot. This finding emphasized the importance of screening both malnutrition and sarcopenia simultaneously in the management of nursing home residents. The SARC-F is based on five self-reported questions. The new ESPEN definition of malnutrition is based on self-reported questions and BMI. Therefore, both tools are brief and suitable for nursing home residents. However, this finding needs to be further studies in other ethnic populations.
Some limitations of our study need to be addressed. First, the second ESPEN diagnostic criterion for malnutrition is based on the combination of unintentional weight loss, and low BMI or low fat-free mass index (FFMI) 5 . But we did not apply the FFMI in this study because the measurement of FFMI needs medical devices (e.g., bioelectrical impedance analyzer) that are generally unavailable in nursing homes. In fact, the new ESPEN consensus statement per se argued that "it was crucial not to mandate FFMI for the diagnosis of malnutrition" 5 . Second, the sample size of our study was relatively small, especially for those with coexisting malnutrition and sarcopenia. Third, our study was conducted in Chinese nursing home residents, therefore, it should be cautious when generalizing the results to other ethnic populations. Fourth, our study did not address the relationship between sarcopenia and malnutrition with disease-specific mortality. Last, like all cohort study, survival bias prior to entry in the cohort should be considered.
In conclusion, according to the new ESPEN criteria and SARC-F, malnutrition and sarcopenia are common in our study population and are independent predictors of mortality, respectively. When considering the two syndromes together, the coexistence of malnutrition and sarcopenia is a significant predictor of mortality, but malnutrition without sarcopenia or sarcopenia without malnutrition are not. Therefore, we suggest using brief and validated tools (like the new ESPEN definition and SARC-F) to assess malnutrition and sarcopenia simultaneously in nursing home residents. However, further prospective studies are certainly needed to validate this suggestion. 
